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4 SubJect: Hydraulic znodel ~tudy of the  Masonvllle Siphon turnout i 

structure--Horsetooth Feeder Canal--Colorado-Big Thompeon 
Project, Colorado. 

I'TmwB OF STUDY 

The pxupoee of th la  etudywae t o  develop, by hydraulio model teetiryJ, 
a eatisfactory s t i l l ing-well  and weir baein f o r  a turnout etmrcture 
which would release euppleaental water t o  the h i o n  Ditch f m m  the  
Masonville Siphon in the Hmeetooth Feeder C . i n e l  near Maeondlle, CololaBo. 

It m a  concluded tht: 

1. The s t i l l ing-wel l  deoign, developed by th is  model atudy 
( ~ i g u r e e  2B end C )  w i l l  diseipete sa t ia facbr i . ly  the energy In tbe 
weter releaeed from the Meemville Siphon t o  the &ion Di'kch. 

2 .  The bsf f le  wall betweex1 the s t i l l l n g w e l l  end -weir w e i n  
w i l l  produce tranquil flow i n  the weir baein, and pennit reh~sonably 
eccurate reading of t31e staff gage indicatiqg the heed on the Cipolletti 
ncu18uring.weir. 

3.  There i e  a poseibility of oevitation ocouring i n  the pipeline 
inmiediat6ly downatream from the w l v e  controlling the t m u t  flow, eince 
t h o  +ximum capacity of the valve i e  32 cfa aad throttling of the valve 
will be r e q ~ i r e d  when the n o m l  d iscbrge  of 25 cfe is  being released. 

4. If the pipeline immediately downstream f'rm the c!mtml valve 
is  vented there will be no cavitation, but sir w i l l  be drawn in to  the 
pipeline and released in the et i l l ing-well .  me action will increaere the 
surface mugbeas  in 'the well, b u t  8buJ.d not prove objectionable. 



1. The flow psesgee of the turnout etructure be constructed 
t o  conform with those shown on Figures 2B and C (recommended deaign). 

2. An airevent a t  l eas t  2 inches in  diameter with a bellmouth 
ontrance to prevent noise, be placed in the top of the augpl;p pipe 
immediately downstream Awn the control 'POlve (Figure 2C). Same pro- 
vision be made to prevent th l e  vent being b l ~ k a d j  s c c i d e ~ t a l l y  or  
otherwise, by pereons o r  obJects awer ing  the entmnce. 

3. Since the etructure is unlike aay wed p v i o u a l g ,  the per- 
formrnoo of the prototype ehould be cheoked by deeim and hbonstory 
personnel. 

The design of the turnout structure for the Msonville Siphon, 
evolved f b r n  the t e s t s  described i n  this report, uae developed ahrough 
the colls.boration of engineers i n  the Cmale Mvieion and Hydrsulio 
Isborr tory. 



The Horeetooth Feeder Caml, a prt of the distribution syetem af 
the Colorado-Big Thompson Project, extends from Flatiron Reservoir south- 
west of Loveland, Colomdo, to Horeetooth Re~ervoi r  3 miles due west of 
Fort Collins, Colorado. I t s  purpose is t o  convey water north t o  the Horse- 
tooth Reservoir f o r  etoraga and distribution. Approximtel~ 7 miles north 
of the cam1 heading, near the amall town of Masonville, a siphon w i l l  be 

4 providei! to croas\tl?e valley st Buckhorn Creek (Figure 1 ) .  A structtrre 
hown a s  t k e  Masonville Siphon turnout and located near the  low paint i n  
th is  s l a o n  w i l l  supply supplemental water t o  the Unlon Ditch which crosses 
i ts  course at  th i s  point. The s t a t i c  head st the turnout w i l l  be.about 
115 f e e t  raking it necessary to  dissi=te,  o r  chenge t o  nonde~ltructive fom, 
the  kinetic energy of the water takm f r o m  the siphon barre l  before the  
water I@ released lnto the Union Mtch. Though the m x i m u m  c a p c i t y  of 
the e t r ~ c t u r e  i s  about 32 cfs, i ts  normal releaee w i l l  be about 25 cfs .  

The Turnout Structure 

The turnout etructrure evolved f m m  the tosts described in oubsehuent 
p r t s  of t f r i ~  regort contained a supply system, s t i l l ing-well ,  weir basiq 
and meaeuring-weir (liYgure 5).  The water supply for  t h i s  s t r i c tu re  waa 
released from the c r ~  .n of the siphon barre l  in to  the e t i l l i n g r e l l  through 
a 12-inch ripe containing a 12-inch gate valve fo r  control. This pipe ex- 
tended vert.icalby down into a at i l l ing-well  9 fee t  wide, 4 f e e t  long, m d  
16.5 f ee t  ?.eel, discharging its flow on t o  a 2- by 2- by 1-foot high p d -  
es te l  located on the floor. The pipe, wlth Its vert ical  axis 1 foot f r a a n  
the upstream wall of the well, temirmsted 1 foot above the top surface of 
the pedestal. Tfie downstream w a l l  of the well contained fl,^teen 1-foot- 
square opcinga arranged in thres  tiera of f ive  each on 20-Inch centers 
both vert ical ly and hori7ontally, w i t h  the bottom t i e r  10 fee t  above the 
floor of t3.e well. %is w a l l  formed the upatream end of s weir basin, 9 
feet  wide, 12 fee t  long, and 6 f e e t  6 inches deep, hvln,g i t e  f loor  f lush 
with the bottom of the openings of the lover t i e r .  The water p s a e s  from 
the openjngs in  the wall, through the weir basin, over a 4-foot 6-inch 
Clpollett i  weir, located in the downstrew w a l l ,  3 feet  9 inches above 
tb-e floor, and thence lnto the main ditch. 

LNVESTIG4T ION 

Descr i~ t ion  of Model 
t 

The moilel used f o r  the study of the a a o n v i l l e  Siphon turnout atruc- 
ture was constructued to a 1 t o  6 ecale (figure 3 ~ ) .  It was contained i n  
a wooden box lined w i t h  sheet metal. The well w i t h  a movable f loor  wae 
conetructed aa part of a e  box. Wooden walls were arranged within the box 
t o  represent those of the full-sized structure. The baffle w a l l  between 
the stilling-well and welr basin was constructed of plywood and held i n  



weir of chin eheet metal. was attached-to t he  dokstream -11 of t h e  w e i r  
basin t o  represent the prototgpe ins ta l la t ion .  A s t r a igh t  length of 2- 
inch ID pipe, with a s l id ing sleeve a t  the  upper end t o  z 'aci l l ta to  placing 
the  discharge end a t  d i f fe ren t  elovatione, was uood t o  represent the sup- 
ply conduit. This arrangement differed from the prototype i n  tht the , 

model elbow was above the water surface,, but  t h i s  difference has no s ig -  
0 n i f i can t  e f fec t  so far as the tes% re su l t s  were concsmed. A t rapezoidal  

section of concrete-lined channel downstream f r o m  the  m d e l  weir represented 
the  i n l e t  t o  t k e  Union Ditch. No study was msde of flow conditiozls i n  t h i s  
eection of t he  model oince they were assumed t o  h v e  no influence upon the  

d operation of the turnout s t ructure .  

Teeting of Model 

Nearly a l l  of the t e s t s  conducted on the model were of a qua l i t a t ive  
nature conaieting mainly of visual obeermtions of the flow conditione in  
t he  s t i l l i ng -we l l  and weir baein f o r  various changee i n  dssign. No c a l l -  
brat ion t e s t s  were msde since a standard C i ~ o U e t t i  weir was t o  be used i n  
the  M l - s i z e d  etructure.  Mechsrges correeponding t o  25 and 32 cubic; fee t  
per second were used In maat cases since these were to  be the  normal and 
probable maxim~m quant i t ies  released. Specific t e s t a  a t  mller diechargee 
werenotmade since the flow condition8 became more t ranqui l  as the  quanti ty 
decreseed . 

In t h e  origtnal  design ( ~ i g u r e  2 A )  the elbow e x i t  of the  12-inch l i n e  
was 10 felst above the f loor  of the  s t i l l i ng -we l l  and the wall between the  
well  and weir basin contained one 2-1/20 by 4-foot o p e n i x  f o r  conveying 
the  water from the  well t o  the baein. When the end of 'the 2-inch l i n e  i n  
the aodel was placed in a position corresponding t o  the exit of  t h e  elbowj 
t he  flow i n  t h e  well  m e  very turbulent as evidenced by la rge  b o i l s  and 
eurges at the  surface. This t~wbillence wae carried d i r ec t l y  i n t o  t he  weir 
basin througkr the  large opening in  the baf f le  w a l l  (ori8f 1ya1 design, 
Figure 2B). The water flowing through t h i s  opening was concentrated i n  
the canter of the  weir basin and upon s t r lk ing  the  downstream wall of the  
basin waa directed upwards causing a turbulent b o i l i ~  &ace a t  t h e  
corners. Thie action and other undesirable surface turbulence occurred 
i n  the baein ( ~ i g u r e  3 ~ ) .  It wae eatinrated that the lengtk of  t he  basin 
would have to be i n c r a s e d  three o r  four times to obtain sa t i s fac tory  flow 
over t he  welr with this design. gince t h i s  change wae considered un- 
economical and sat isfactory act ion wae questionable, o ther  changes were 
conaidered. It m e  believed t h a t  m-sh of the  obJectionable flow ac t ion  

a could be eliminated by a l t e r i ng  the  mpply pipe m d  revis ing the  flow p s -  
sage i n  the  ba f f l e  wall. The model t e s t s  were continued on t h i s  bas i s .  



The model was revised by extending. the pipe t o  w i W n  2 f e e t  ( p o t o -  
t y p )  of the well f loor .  The flow conditions were hproved, but exceseive 
turbulence s t i l l  continued through the baff le  opening Into the weir baain. 
To suppress t h i s  conditton and t o  break up the heavy concentration of f l o w  
through the single opening, the baffle was modified by replactng t h i s  &pen- 

4 
i n g  by twelve elots  6 inches high and 28 inches wlde (Design 2, Figure 2B). 
Substantlbl improvement of flaw i n  the weir basin was brought about by the 
extension of the pipe and the modification of the baf f le  ( ~ i g u r e  3 ~ ) .  Har- 
ever, the veloclty through the twelve s lo t s  i n  $his design was s t i l l  of such 

32 magnitude that the flow i n  the weir basin was more turbulent thm aesired. 
Moreover, the upper s l o t s  i n  t h i e  d l  were not submerged adeqwtoly, and 
th6 water flowing t h r o w  them had sufficient veloclty t o  cauee a eurfhce 
ro l l e r ,  indicating the need f o r  further a l te ra t ion .  

I 
Modifications Leediw tx, the  Recammended bsiiyl 

k stvdy of flm* condltione i n  the s t i l l ing-wel l  of the original deeign, 
the daeiga wi th  modifloatlone to the in le t  pipe and  baffle w a l l ,  and a r e -  

1 view of tlie resul ts  of t e s t s  conducted provloualy on a aimilar model, ln-  
I dica ted  that improvanent would be obtained by making f ive  chnges.  These 

changes included: (I) making the s t i l l ing-well  2 f ee t  deeper, (2) placing 
s 2-  by 2-foot yedeatal 1-foot high on the atilling-well. floor direc t ly  
bene th  tke  disckarge pipe, ( 3 )  lowering the discharge pipe un t i l  it was 
w i t h i n  1 foot of t h e  peaestal, (4) changing the openings throw the baff le  
w a l l  h-om twelve elots t o  f i f teen I-foot-square openings, and ( 5 )  extending 
the weir basin damat ream 3 feet .  It was reamned that a bet te r  dis tr ibu-  
t ion of flow within the well would resul t  fmm increasing the depth of the  
s t i l l ing-well ;  t h a t  additional d i a s i p t i o n  of energy would re su l t  f r m  plac- 

I 
1% a pedestal on the s t i l l ing-wel l  floor and placing the end of the i n l e t  
pipe nmr l t a  top aurface; that  more openings distributed over the area of 
the baffle w a l l  would improve flow into the weir basin; and t ha t  lncreaeing 
the le@5 of the weir basin would improve apprrrch conditions to the weir. 
!?he m r e  ~!niform vel-ocity distribution given by these changes would cer- 
t a i n l y  ten6 t o  give tho desired improvement. 

It m a  expected that  the flow from the  pipe would s t r ike  the pedestal 
whero it would be deflected h o r i z o n ~ l l y  and spread radial ly toward t h e  
w d l o  of the s t i l l ing-well .  The j e t  upon leaving the p d e s t a l  would be ex- 
posed both on the top a d  bottom t o  the relat ively sow moving water i n  the 
et i l l ing-well ,  and it was reasoned that  addi t ioml  d iss ipa t im of energy 
would take place because of th ie  condit-lon. It was expected a l s o  that 

1 placing the ln lc t  pipe near the pedestal would aid the defJ.ection and 

I '  mdial  spreadi1~g of the jet. 

I ~ Bocauae tllore was imdequate time to determine the Individual merite 

I .  of' each of these changes i n  decreasing the turbulent action i n  the s t i l l i n g -  



t he  f i n a l  ser ies  of tecrts ( ~ i g u r e  2, recmended dssip).  

It i s  t o  be i d e r r e d  that the pedeetrrl f'unctioned ae  planned f o r  
the water surface In  the s t i l l ing-wel l  waa very m o t h ,  and tliat the  end 
of tho pipe being nearer the surface of the pedestal gave a betker die- 
t r ibut ion of koloci t y  in  the .well. The f i f teen  1-foot -square openin&s 
i n  tho baff le  provided more area than the elate of Design 2, klf~us wa.ter 
flowed f r a n  the well t o  the weir baein a t  lower veloci t ies .  I" t h i t ~  
design the openings were arranged t o  obtain canplete submergeace of the  
top row. This changs gave a lower entrance velocity and with an errtenelon 
of the w i e r  basin, p v i d e d  a greater di~ltsnce i n  which the dlsaipatlon 
of energy could take place. Wen with them modificatione, erne uurface 
roughness was observed i n  the basin direc'tly downstream frcun the 'raffle 
wall. Since t h i s  appeared to be caused bg flow throue;h t h o  upper 0pfmin$t3, 
a horizontal s i l l  extending outward8 1 foot  and the full width of the  
basin waa placed above these openlnga t o  euppeae the upward movement of 
flaw ( ~ i v e  2 C ) .  This modification resulted i n  a marked h'prmrement In 
aurfaco conditions. The s i l l  wen incllned a t  varioue elopes to determino 
optixum p o ~ l  tion, but, I t  appeared t o  functipn best when eat horti zonta1l.y. 

In  the deeign of the prototype a t i l l ing-wel l  t o  t r l l a w  clearance for 
the bolte i n  the flazlgod elbow leading duwn into the well, tho pipe center- 
l i n e  wae s e t  1 foot 6 inches ou t  from the upstresm w a l l .  This changed 
the pedes+%al from a 2-foot squar6 t o  a rectangle 2 f e e t  by 2 f e e t  6 Inches 
(~igure 5). Thie change was not tested but there should be no advercle 
f l a r  conditions resulting frm t h i s  a l te ra t ion .  

A f i n a l  change i n  the model wae made when it wae learned that tho 
model weir was 9 inchee (prototype) below the elovation required t o  give 
the designed weir-basin depth. Thie change gave further  improvement i n  
f l o w  condition8 within the structure and additional t e s t s  Irere considered 
unnecessary. Flow conditions f o r  the f i n a l  design, Including the 9-inch 
r i s e  in  weir elevation but not the 6-inch change i n  the supply pipe locs- 
t ion, a re  shown i n  Figure 4. 
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DESIGN 2 RECOMMENDED DESIGN 

B. B A F F L E S  

COLORADO BIG THOMPSON PROJECT 

HORSE TOOTH FEEDER C A N A L  
M A S O N V I L L E  S IPHON TURNOUT 



A. Original Design-Flow of 0 cfe 

B. Original Design-Flaw of 32 cfs 

C. Bealgn 2-Flaw of 32 cfa 

Flow Conditions in Weir Basin 
MASONVIKE SIPHON TURNOUT 

1:6  ode^. 



A. Recamme~lded Design-Flow of 32 cfe 

B. Recoarmended Design-Flow of 25 cfe 

Flow Conditione in Weir Basin-Recommended Design 
MASONVILIE SIPHON TURNOUT 

1:6 ~o d s l  
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